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Our ApproachOur ApproachOur Approach
Use optimization to design truss structures to 
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7 minutes,  275Mhz R10000 SGI Octane

How Do We Model  
Truss Structures?
How Do We Model  How Do We Model  
Truss Structures?Truss Structures?

• Mass is “lumped” at pin-joints
• Structure much larger than beams

• Discrete external loads
• Road surface, cars, utility wires, etc.

• Anchored to ground

•• Mass is “lumped” at pinMass is “lumped” at pin--jointsjoints
• Structure much larger than beams

•• Discrete external loadsDiscrete external loads
• Road surface, cars, utility wires, etc.

•• Anchored to groundAnchored to ground

How Does it Work?How Does it Work?How Does it Work?

User specifies:
• Load locations

User specifies:User specifies:
• Load locations



2

How Does it Work?How Does it Work?How Does it Work?

User specifies:
• Load locations

• Anchor locations

User specifies:User specifies:
• Load locations

• Anchor locations

How Does it Work?How Does it Work?How Does it Work?

User specifies:
• Load locations

• Anchor locations

Code adds:
• Pin-joints

User specifies:User specifies:
• Load locations

• Anchor locations

Code adds:Code adds:
• Pin-joints

How Does it Work?How Does it Work?How Does it Work?

User specifies:
• Load locations

• Anchor locations

Code adds:
• Pin-joints

• Beams connecting 
joints, anchors, and 
loads

User specifies:User specifies:
• Load locations

• Anchor locations

Code adds:Code adds:
• Pin-joints

• Beams connecting 
joints, anchors, and 
loads

How Does it Work?How Does it Work?How Does it Work?

User specifies:
• Load locations

• Anchor locations

Code adds:
• Pin-joints

• Beams connecting joints, 
anchors, and loads

User specifies:User specifies:
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• Anchor locations

Code adds:Code adds:
• Pin-joints

• Beams connecting joints, 
anchors, and loads

Optimize to find best structure

2 minutes,  275Mhz R10000 Octane

Why Use Optimization?Why Use Optimization?Why Use Optimization?
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• Simple mathematical representation

Joints and BeamsJoints and BeamsJoints and Beams

Pin joint
Beam
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Forces on a Pin-JointForces on a PinForces on a Pin--JointJoint

For stability:For stability:For stability:
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Mass FunctionsMass FunctionsMass Functions

A joint’s mass depends on:
• External loads

• The beams that connect to it

A beam’s mass depends on:
• Length

• Workless force it exerts

• Tension or compression
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Euler BucklingEuler BucklingEuler Buckling

Force limit: Force limit: Force limit: 
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• Subject to “realism” constraints•• Subject to “realism” constraintsSubject to “realism” constraints
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• Workless forces:

• Positions of pin-joints:
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Sequential Quadratic Programming:
• Fast and robust
• Handles:

• Non-linear objective function

• Non-linear constraints

• Local minima
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Spherical Obstacle ConstraintsSpherical Obstacle ConstraintsSpherical Obstacle Constraints

5 minutes,  275Mhz R10000 SGI Octane      ~1 hour in Maya

Planar ConstraintsPlanar ConstraintsPlanar Constraints

3 minutes,  275Mhz R10000 Octane

3 minutes,  275Mhz R10000 Octane           ~1.5 hours in Maya

Railroad BridgeRailroad BridgeRailroad Bridge

3 minutes,  275Mhz R10000 Octane

Eiffel TowerEiffel TowerEiffel Tower

15 minutes,  275Mhz R10000 Octane

Limitations and Future WorkLimitations and Future WorkLimitations and Future Work

• Simple Objective Function
• True cost of construction

• Simple mass functions
• Better column formula

• Single set of loads
• Multi-objective optimization
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Aesthetic criteria
• Symmetry
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• Geometric forms
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15 minutes,  275Mhz R10000 Octane


